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DISPENSING SYSTEMS 
BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to the control of materials from dispensing devices, such as for example those 
which dispense medications and other materials to patients. 

2. DESCRIPTION OF THE RELATED ART 

There has been, in recent years, tremendous changes in the way in which patients are treated Most social 
Medicare systems have been scrutinized to improve productivity. Sweeping changes are taking place in the 
way in which a patient's medial records are tracked, in order to provide a high level of care, while at a 
reasonable cost These changes have not occurred, however, without problems. A recent heart lung 
transplant surgery went horribly wrong because of a relatively minor oversight- a mismatch in the blood 1 
type of the donor and recipient patients. This event is overshadowed by numerous accounts of patients 
being given the wrong medication, which point to the need for improved monitoring and matching of 
patients with proper and correct medications and/or medical procedures. 

It is an object of the present invention to provide a novel materials dispensing system. 

SUMMARY OF THE INVENTION 

In one of its aspects, the prevent invention provides a delivery system, comprising: 

- dispensing means having an outlet for delivering one or more materials or one or more articles; 



1 



- dispensing control means for controlling the passage of the material or article through the outlet; 

- first identification means operable for recording, emitting, carrying or associating first identity 
data to identify the dispensing means, or the material or article carried thereby; and 

- penmssion control means operable to establish a predetermined condition of the dispensing control 
means when a corresponding predetermined relationship is established between the first identity 
data and second identity data of an associated entity. 

In an embodiment, the associated entity is a dispensing recipient, a medical professional or clinician. 

In an embodiment, the dispensing recipient is a medical patient, an experimental subject and/or a candidate 
for a treatment or procedure. For example, the dispensing recipient may be mammalian, such as an human 



In an embodiment, the material or article has beneficial properties to enhance life, to promote health, to 
cure and/or treat a disease, condition or ailment, to monitor and/or indicate a bodily function or a 
combination thereof. 

In an embodiment, the material or article is useful, amoung others, for IV therapy, implantation, stem cell 
therapy, oncology therapy, blood transfusion and/or organ transplantation. 

In an embodiment, the dispensing means includes a syringe, IV bottle, powder and/or atomized fluid 
and/or gas inhalant dispenser, implant delivery dispenser, ventilator, syringe pump, intubation tube, 
gastrointestinal feeding tube or a plurality and/or combination thereof. 

In an embodiment, the dispensing control means includes an access means for controlling access to the 
outlet. In this case, the access means may includes a controlled valve member, or a controlled outlet 
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blockage member or both. I* valve member or outlet blockage mentter may be normaHy closed or 
normally open. 



a combination thereof. 



In an embodiment, the valve member is a pulse width modulated on-off valve. • 
In an embodiment, the blockage member is a lockable cap member. 

f-fc» wb^b, fc ^ ^ ^ fc ^ fc ^ ^ ^ 

portion. 



* an embodiment, the dispensing control means includes a valve means located in the barrel portion or 
downstream thereof. 



or downstream thereof. N 



In an embodiment, the dispenser includes an output channel providing a dehvery site, the va,ve means 
and/or blockage member being located at the delivery site" 

inanen^odimeut,^ 

.nay be embedded in, carried by or emitted by an article carried externa^ or internal* by the recipient. 

If desired, the article may include a band or rine to t 

y uc d oana or ring to be worn on a leg, arm or neck of the recipient and 

include an implantable ID chip. 
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In one enrolment, the pension control means includes a key portion associated with the second 
identity data. In this case, thekey portion may be located on an artiCe carried. externa^ or internaHy by 
the recipient 



m one embodiment, the key portion is operable to engage a conurfementary key receiving portion to 
establish the predetermined condition, in which case the key receiving portion may be located on the 
dispensing means or at some other location. In one example, the article is a wrist band the dispensing 
means is a syringe. 

\ 



In an embodiment, the key-receiving portion includes a key 



receiving-passage. 



In anembodiment,thepermis S ionmeans is operable to expose the key portion to the key-receiving portion 
In ^case.mekeyporuonmaybemovablebetweenaconcealed position and the exposed position 
Alternatively, the key portionmay be stationary relative to the article and the permission means may 
further comprisesakey shroud which is 



condition. 



In an embodiment, the first identification means -ludes a biometric sensor, an optical character reader, a 
bar code reader, a magnetic strip reader, or a combination thereof. 



inanen^odimen.mefirstidentincation means includes a signa, emitter and/or receiver to emit and/or 
receive signals in the visible or invisible frequency spectrum*" 

in another of its aspects, the present invention provides a material dispensing system, comprising: 

- a material dispenser having material container portion and a material delivery outlet 
portion; 
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- valve means for controlling access to the delivery outlet channel portion; 

- first identification means operable for recording, emitting, carrying or associating valve identity 
data to identify the valve means; and 

- valve control means operable to establish a predetennined condition of the valve means when a 
corresponding predetermined relationship is established between the valve identity data and identity 
data of an associated article in a vicinity of the material dispenser. 

In an embodiment, the material dispenser is arranged for delivery of materials in the treatment of a patient, 
wherein the materials are fluids. 

In an embodiment, the material container portion includes a syringe, a vial, a catheter and/or a IV bag. m 
the case of a syringe, the delivery outlet channel portion is downstream of a plunger-containing chamber . 
portion, the valve means being located in the delivery outlet channel portion. 

In an embodiment, the delivery outlet channel portion is downstream of a plunger-containing chamber 
portion, the valve means further comprising a valve housing attachable with and/or separable from the 
delivery outlet channel portion. 

In an embodiment, the associated article is attachable to or wearable by a patient to receive the fluid 
material, In this case, the associated article maybe an identity tag attachable to or an article worn by the 
patient. 



In an embodiment, the system further comprises second identification means operable for recording, 
emitting, carrying or associating identity data to identify the associated article. The first or second 
identification means, or both, are arranged to retain the valve identity data or the associated article identity 
inelectronic.graphical.mechamcalornuclearform The first or second identification means, or both, 



are operable to convey the valve identity data or the associated article identity data on a carrier wave. The 
carrier wave may include radio frequency waves, microwaves or waves or signals of other frequencies or 
frequency ranges. The valve identity or the associated article identity data may, for example, be resident on 
the carrier wave by frequency modulation, amplitude modulation, wave superposition or a combination 
thereof. 

In an embodiment, the system further comprises comparison means for comparing the valve identity data 
with the associated article identity data. The comparison means is operable to receive and decode an RF 
ID signal from the valve, the associated article or both. For example, where the containing means includes 
a syringe, the comparison means may be integrally formed with the syringe. Alternatively, the syringe may 
be provided with a valve portion downstream of and separable from a chamber portion, in which case the 
comparison means may be located in the valve portion. 

In an embodiment, the comparison means is resident in an intermediate controller module which is 
operable within signal receiving range of both the valve and the associated article. 

In an embodiment, the valve means includes a valve element powered by a power supply portion. The 
power supply portion includes a power source residing in the power supply portion, a conductive path to an 
external power source, or an inductive power generating module which is responsive to externally applied 
radiation, or a combination thereof. For example, the radiation may be of the microwave or radio wave 
frequency ranges. 

In an embodiment, the comparison means is operable to open the delivery outlet channel portion when 
there is a match between the valve identity data and the associated article data. In this case, the comparison 
means is operable to close the valve means to block access to the delivery outlet portion when there is a 
mismatch between the valve and the associated article identity data. Similarly, the material dispenser 
includes a syringe and the power supply portion is integrally formed therewith. 
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In an embodiment, the first and second identification means includes complementary first and second key 
formations located on , in or near the valve means and the associated article respectively. Hie first key 
formation is located on die material dispenser and die second key formation is located on the associated 
article so that the material dispenser and associated article may positioned so that the first and second key 
formations be brought into complementary engagement with one another to establish the predetermined 
relationship. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Several preferred embodiments of the present invention will now be described, by way of example only, 
with reference to the appended drawings in which: 

Figure 1 is a view of a material dispensing system; K 

Figure 2 is a schematic view of one portion of the system of figure 1; 

Figures 3 and 4 are fragmentary schematic views of alternative dispensing systems; and 

Figures 5 to 21 are views of alternative dispensing systems. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the figures, there is provided a material dispensing system 10 comprising a material dispenser 
12 having material container portion 14 and a material delivery outlet channel portion 16. Valve means 18 
is provided downstream of the container portion 14 and controls the flow of materials through the delivery 
oudet channel portion 16. It will be recognized that the material dispenser 12 is in the form of a syringe 
and is operable to dispense a range of materials normally in the medical treatment of a patient. In this case, 
the delivery oudet channel portion includes an outlet passage 20 extending downstream of the material 
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container portion 14 and upstream of a needle 22 which is provided with a coupling 22a for joining the 
needle 22 to the outlet passage 20. The coupling may be, for example, a LUER fitting. 

The system 1 0 also includes a wrist band 24 which is wearable by the patient, for reasons to be described. 

The valve means 18 is controlled by a valve controller 30 shown in figure 2. The valve means 18, in this 
case, includes a micro valve 31. The valve31 has OPEN and CLOSED states which, as their names 
imply, open and close the delivery outputpassage 20, under the control of the valve controller 30. The 
valve controller 30 is implemented, in part, by an RFID chip located within a valve housing 18a. The 
RFID chip may for example be of the passive type available from Microchip Technology Inc. under serial 
number MCR 45X, as described in microID™ 13.56 MHz RFID System Design Guide, the entire subject 
matter of which is incorporated herein by reference. 

The valve controller 30 includes an actuator module 32 which conveys a change of state signal to the micro 
valve31viaconductive P ath32a. The actuator module is responsive to a comparator module 34 via 
conductive path 34a and which establishes a "match" between two identities, a first identity for the valve 
and/or the materials in the syringe, and a second identity for the patient. As will be described, the valve 
controller 30 governs the first identity and the wrist band 24 controls the second identity/ In this latter case, 
the wrist band 24 has an RF ID chip 36 (shown in figure 1) which conveys the second identity on an RF 
carrier wave to form a second identity bearing signal to be transmitted to the valve controller 30 when they 
are in transmission range of one another. 

The comparator module 34 communicates with an RF transmitter/receiver 38 via conductive path 38a in 
wMchtoreceivemesecondidentitybearingsigndimmmewristband 24. The comparator module 34 
also communicates with memory module 40 via conductive path 40a to retrieve the first identity stored 
therein. 



The comparator module 34 is operable to open the micro valve 3 1 and thus the delivery outlet channel 
portion when there is a match between the valve identity data (Le. the materials contained in the syringe) 
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and the wrist band 24 (i.e. the patient identified to receive the materials). In this case, the comparator 
module 34 is operable to close the micro valve 31 to block access to the delivery outlet portion when there 
is a mismatch between the first and second identity data. Alternatively, the comparator function may be to 
maintain the yalve in a closed position and open it only when the match has been made and thereafter leave 
the valve open. 

The valve housing 1 8a in tins case is integrally formed with the syringe 12, However, the valve housing 
18a may, as an alternative, be made attachable and/or be separable from the delivery outlet channel portion 
16 or the syringe 12 or both. For example, the valve may be located in the needle side of the syringe 
needle coupling. For example, the valve may be located in or adjacent the female stop or lock LUER 
finings of the type used on many popular syringes. The valve may be an intermediary unit which is fitted 
onto a conventional syringe and sealed thereon in some permanent, semi-peimanent or temporary means. 

The wrist band 24 may, alternatively, be replaced by some other suitable associated article which is 
attachable to, or wearable by, a patient identified to receive the fluid materials contained in the syringe 12. 
In mis case, the associated article may be an identity tag attachable to or an article worn by the patient 

Thus, me valve controller 30 and the wristband 24 provide first and second identification means which are 
operable for recording, emitting, carrying or associating identity data to identify the syringe 12 (and/or its 
contents) and the wristband 24 (and/or the patient wearing it). The first or second identification means, or 
both, are arranged to retain their respective identity data in electronic, graphical, mechanical or nuclear 
form. The first or second identification means, or both, are operable, in this case, to convey the first 
identity data or me second identity data on a carrier wave. The carrier wave may include radio frequency 
waves, microwaves or waves or signals of other frequencies or frequency ranges. The first identity data or 
the second identity data may, for example, be resident on the carrier wave by frequency modulation, 
amplitude modulation, wave superposition or a combination thereof. 

The valve controller 30 is powered by a power supply portion 42 which , in this case, includes a power 
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conductive path to an external power source. 

-g^c cupl^ ^ ^^^sy^u. ^ fc ^ my ^ 

with the syringe. 

^ a , „ whidl , ^ ^ ^ ^ ^ ^ ^ 

the like. 



If desired, *°^diate momtor po^ 
receive signals in the visible or invisible frequency spectmms. 



The dispensing control means may not be a valve itself !.,»„*. , , . . 

y otoea valve itself, but rather a valve lock that allows the valve to be 

opened in a separate step. In this case a vaW „ , , , 

nns case, a valve and a valve lock may involve two separate functions that 
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are activated d^endently or independently. In this case, the valve lock itself may also have functionality 
to allow it to be remain latched in the unlocked position until the dispensing device is used Once used, the 
valve lock may be configured automatically to lock following use, for example when a LUER connector on 
a needle is removed from a syringe. In this case, the valve may be spring loaded to remain in the closed 
position unless it is interacted with a LUER connector. 

Further, the controlling function for the valve lock may be located either on the dispensing means itself 
(such as a syringe) or on an intermediate monitor portion (such as a wristband) and men interact 
with the valve by bringing the wristband and the syringe together to allow them to interact through a wired 
or wireless connection or through a mechanical connection to allow the wristband to activate the valve or 
the valve lock. Furthermore, the intermediate monitor portion may also house the valve lock controller 
and, with the wristband and correct syringe located beside it would have authority to unlock it and perform 
die function of unlocking the syringe. 

Another embodiment is shown in figure 4. In this case, a material dispenser 80 is provided with a valve 
means 82 and a wrist band 84. In this case, the first and second identification means include 
complementary first and second key formations located on , in or near the valve means 82 and the wrist 
band 84 respectively. The first key formation is located on the material dispenser 80 and the second key 
formation is located on the wrist band 84 so that when the material dispenser 80 and wrist band 84 may be 
positioned beside one another, the first and second key formations may be brought into complementary 
engagement with one another to establish the predetermined relationship. In other words, the first and 
second key formations will nest, mesh or otherwise engage in a manner indicating a match. 

Another delivery system is shown, in more general terms, schematically at 100 in figure 5 having 
dispensing means 102 having a chamber 102a and an outlet 104 for delivering one or more materials shown 
at 106a or one or more articles shown at 106b. A dispensing control means, in this case a valve unit 108a 
or a lockabie outlet blockage member 108b is operable to control the passage of the material or article 
through the outlet 104. A first identification means is provided at 1 10 and is operable for recording, 
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emitting, carrying or associating first identity data to identify the dispensing means 102, or the material or 
article carried thereby. Permian control means'*! 12 is operable to establish a predetermined condition of 
the dispensing means when a corresponding predetermined relationship is established between the first 
identity data and second identity data of an associated entity. 

In mis case, the first condition of the dispensing means may be closed or inoperative position (which is 
signified by a syringe being in storage) and asecond condition may bean open or operative position (which 
may occur when a match is made between the first and second identity data). 

case, foe valve member o^ or normally open. The 

valve may be of a number of different valve types including a variable aperture valve member, a 
proportional valve member or a combination thereof. The valve may also be a pulse width modulated . 
off valve, while the blockage member may be a lockable cap member or the like. | 



ion- 



In this case, the associated entity may be a dispensing recipient, a medical professional or clinician. The 
dispensing recipient may be a medical patient, an experimental subject and/or a candidate for a treatment or 
procedure. For example, the dispensing recipient may be mammalian, such as an human being. 

The material 106a or article 1 06b may have beneficial properties to enhance life, to promote health, to cure 
and/or treat a disease, condition or ailment, to monitor and/or indicate a bodily function or a combination 
thereof. For example, the material or article may be use useful for such procedures as IV therapy, ' 
implantation, stem cell therapy, oncology therapy, blood transfusion and/or organ transplantation, as well 
as many others. 



.various of 



The material may be in solid, liquid or gaseous form or a combination thereof. Consequently, 
dispensing means are contemplated to dispense foe material including a syringe, IV bottle, powder and/or 
atomized fluid and/or gas inhalant dispenser, implant delivery dispenser, ventilator, syringe pump, 
intubation tube, gastrointestinal feeding tube or a plurality and/or combination thereof, , 
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The article may be a capsule, for example, to provide or delivery a payload to the recipient, such as a 
material sample; a local test, monitoring or stabilizing device; a signal device or the like. 

In one example, the second identity data identifies the recipient For example, the second identity data may 
be embedded in, carried by or emitted by an article carried externally or internally by the recipient. If 
desired, the article may include a band or ring to be worn onaleg, armor neck of the recipient and include 
an implantable ID chip. 

In one example, the dispenser means includes a syringe as shown at 120 in figure 6, with a plunger portion 
1 22 positioned in a barrel portion 124, wherein the dispensing control means includes lock means 1 26 for 
locking the position of the plunger portion. In mis case, the dispensing control means may include a valve 
means located in the barrel portion as shown at 128 or downstream thereof as shown at 130. Alternatively, 
the dispensing control means includes a blockage member 132 located in me barrel portion or downstream' 
thereof. 

Referring to figure 7, me dispenser may include an output channel 134 providing a delivery site 136, the 
valve means and/or blockage member being located atthedehvery site 138. Figures 8 and 9 illustrate a 
vial 140 and an IV bag 142 as still other alternative examples of dispensers applicable in systems described 
herein. 

Figures 10to21 ilbstrate still other embodiments, all involving the use of a syringe and an identity band. 
I* this case, the permission control means includes a key portion associated with the second identity data. 
In this case, the key portion is located on the identity band. 

Figures 10 to 12 show a system having a syringe 140 and a wristband 142, the latter of which having a key 
portions form of a post extendmg upward ^ ™ ekey 

portion is operable to engage a complementary key receiving portion, in the form of a key receiving 
passage 148a on the syringe 140. 
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Another system is shown at 150 in figures 13 and 14, having a syringe 152 and a wrist band 154. In this 
case, the permission means is located on the wrist band at 156 and is operable to expose the key portion to 
the key-receiving portion. In this case, the key portion is stationary relative to the article and the 
permission means includes a key shroud 1 58 which is operable between a key-concealing condition and a 
key-revealing condition. Alternatively, the key portion may be movable between a concealed position and 
the exposed position. 

If desired, the systems described hereinabove may utilize microvalves, miciocontrollers and other micro 
components known by the acronym MEMS, as disclosed, for example in the technical paper "MEMS- 
Based Flow Controller for Flow Cytometry", by Eugen Cabuz, Jay Schwichtenberg, Bob DeMers, Ernie 
Satren, Aravind Padmanabhan, & Cleo Cabuz, of Honeywell Intl. 12001 State Highway 55, Plymouth, MN 
55441, the entire contents of which is incoiporated herein by reference and in the APPENDIX hereinbelow. 

While the present invention has been described for what are presently considered the preferred 
embodiments, the invention is not so limited. To the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within the spirit and scope of the appended claims. 
The scope of the following claims is to be accorded the broadest interpretation so as to encompass all such 
modifications and equivalent structures and functions. 
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CLAIMS: 

1 . A delivery system , comprising: 

- dispensing means having an outlet for delivering one or more materials or one or more articles; 

- dispensing control means for controlling the passage of the material or article through the outlet; 

- first identification means operable for recording, emitting, carrying or associating first identity 
data to identify the dispensing means, or the material or article carried thereby; and 

- permission control means operable to establish a predetermined condition of the dispensing 
control means when a corresponding predetermined relationship is established between the first 
identity data and second identity data of an associated entity. 

2. A system as defined in claim 1 wherein the associated entity is a dispensing recipient, a medical 
professional or clinician. 

3. A system as defined in claim 2 wherein the dispensing recipient is a medical patient, an 
experimental subject and/or a candidate for a treatment or procedure. 

4. A system as defined in claim 3 wherein the dispensing recipient is mammalian. 

5. A system as defined in claim 4 wherein the dispensing target is a human being. 

6. A system as defined in claim 1 wherein the material or article has beneficial properties to enhance 
life, to promote health, to cure and/or treat a disease, condition or ailment, to monitor and/or indicate 
a bodily function or a combination thereof. 
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1- A system as defined in claim 6 wherein the material or article is useful for IV therapy, implantation, 
stem cell therapy, oncology therapy, blood transfusion and/or organ transplantation. 

8- A system as defined in claim 6 wherein the dispensing means includes a syringe, IV bottle, powder 
and/or atomized fluid and/or gas inhalant dispenser, implant delivery dispenser, ventilator, syringe 
pump, intubation tube, or a gastrointestinal feeding tube or a plurality and/or a combination thereof. 

9. A system as defined in claim 1 wherein the dispensing control means include, an access means for 
controlling access to the outlet 



10. Asystemasdefmedmclaimowh^ ^ 
controlled outlet blockage member or both. 



U. A system as defined in claim 10 wherein the valve member or outlet blockage member is normally . 
t closed. 



12. A system as defined m claim 11 wherein the valve member is a variable aperture valve member, a 
proportional valve member or a combination thereof. 

13- A system as defined in claim 10 wherein the valve member is a pulse width modulated on-off valve. 



14. A system as defined in claim 1 0 wherein the blockage member is a lockable 



cap member. 



15. A system as defined in claim 10 wherein the dispenser means includes a syringe with a plunger 

portion positioned in a barrel portion, wherein the dispensing control means includes lock means for 
locking the position of the plunger portion. 
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16. A system as defined in claim 15, wherein the dispensing control means includes a valve means 
located in the barrel portion or downstream thereof. 

17. A system as defined in claim 17 wherein the dispensing control means includes a blockage member 
located in the barrel portion or downstream thereof. 



a 



18. A system as defined in claim 10 wherein the dispenser includes an output channel providing 
delivery site, the valve means and/or blockage member being located at the delivery site. 

19. A system as defined in claim 3 wherein the second identity data identifies the recipient 

20. A system as defined in claim 19 wherein the second identity data is embedded in, carried by or 
emitted by an article carried externally or internally by the reripient 

21. A system as defined in claim 20 wherein the article includes a band or ring to be worn on a leg, arm 
or neck of the recipient 

22. A system as defined in claim 21 wherein the article includes an implantable ID chip. 

23. A system as denned in claim 1 herein the permission control means includes** key portion 
associated with the second identity data. 

24. A system as defined in claim 23 wherein the key portion is located on an article carried externally or 
internally by the recipient 

25. A system as defined in claim 23 wherein the key portion is operable to engage a complementary key 
receiving portion to establish the predetermined condition. 
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26. A system as defined in claim 25 wherein the key receiving portion is located on the dispensing 
means. 

27. A system as defined in claim 26 wherein the dispensing means includes a syringe, IV bottle, 
powder and/or atomized fluid and/or gas inhalant dispenser, implant delivery dispenser, ventilator, 
syringe pump, intubation tube, gastrointestinal feeding tube or a plurality and/or combination 
thereof. 

28. A system as defined in claim 27 wherein the article is a wrist band the dispensing means is a 
syringe. 

29. A system as defined in claim 27 wherein the key-receiving portion includes a key receiving-passage. 

30. A system as defined in claim 28 wherein the permission means is operable to expose the key portion 
to the key-receiving portion. 

31. A system as defined in claim 30 wherein the key portion is movable between a concealed position 
and the exposed position. 

32. A system as defined in claim 30 wherein the key portion is stationary relative to the article and the 
permission means further comprises a key shroud which is operable between a key-concealing 
condition and a key-revealing condition. 

33. A system as defined in claim 1 wherein the first identification means includes a biometric sensor, 
an optical character reader, a bar code reader, a magnetic strip reader, or a combination thereof 

34. A system as defined in claim 1 wherein the first identification means includes a signal emitter and/or 
receiver to emit and/or receive signals in the visible or invisible frequency spectrums. 
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35. A material dispensing system, comprising: 



- a material dispenser having material container portion and a material delivery oudet channel 
portion; 



valve means for controlling access to the delivery outlet channel 



portion; 



data to identify the valve means; and 

- valve control means operable to establish a P-deternnnedconditionof the valve means when a 
corrospondingprodet^ 

data of an associated article in a vicinity of the material dispenser. 

36. A system as defined in claim 35 wherein rtw a- 

im wherem the material dispenser ,s arranged for delivery of materials 

in the treatment of a patient 

37. A system as defined in claim 36 wherein the materials are fluids. 

38. A system as defined in claim 37 wherein th* m , fo ^ i 

erem fte matenal container portion includes a syringe, a vial, a 

catheter and/or a IV bag. 

39. A system as defined in claim 38 wherein the delivery outlet channel portion is downstream of a 
Plunger^ontaining chamber portion, the valve means heing located in the delivery outlet channel 



portion. 



40. A ^em as defined* claim 38 wh^^ 

plunger-containing chamber portion, the valve means further « 



: comprising a valve housing attachable 
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with and/or separable from the delivery outlet channel portion. 

41 . A system as defined in claim 38 wherein the associated article is attachable to or wearable by a 
patient to receive the fluid materials. 

42. A system as defined in claim 41 wherein the associated article is an identity tag attachable to or an 
article worn by the patient - 

43. A system as defined in claim 35, further comprising second identification means operable for 
recording, emitting, carrying or associating identity data to identify the associated article. 

44. A system as defined in claim 43 wherein the first or second identification means, or both, are 
arranged to retain the valve identity data or the associated article identity data in electronic, 
graphical, mechanical or nuclear form. 

45. A system as defined in claim 44 wherein the first or second identification means, or both, are 
operable to convey the valve identity data or the associated article identity data oil a carrier wave. 

46. A system as defined in claim 45 wherein the carrier wave includes radio frequency waves, 
microwaves or waves or signals of other frequencies or frequency ranges. 

47. A system as defined in claim 46 herein the valve identity or the associated article identity data is 
resident on the carrier wave by frequency modulation, amplitude modulation, wave superposition or 
a combination thereof. 

48. A system as defined in claim 47, further comprising comparison means for comparing the valve 
identity data with the associated article identity data. ' 
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49. Asystemasdefmenmclaim 48 wherein mecomparison means is operable to receive and decode 
an RF ID signal from the valve, the associated article or both. 

50. A system as defined in claim 48, wherein the containing means includes a syringe, the comparison 
means is integrally formed with the syringe. 

51. A system as defined in claim 49 wherein the syringe has a valve portion downstream of and 
separable from a chamber portion, the comparison means being located in the valve portion. 

52. A system as defined in claim 49 wherein the comparison means is resident in an intermediate 
controller module which is operable within signal receiving range of both the valve and the 
associated article. 

53. A system as defined in claim 35 wherein the valve means includes a valve element powered by a 
power supply portion. 

54. A system as defined in claim 53 wherein the power supply portion includes a power source residing 
in the power supply portion, a conductive path to an external power source, or an inductive power 
generating module which is responsive to externally applied radiation, or a combination thereof 

55. A system as defined in claim 54 wherein the radiation is of the microwave or radio wave frequency 
ranges. 

56. A system as defined in claim 55 wherein me comparison means is operable to open the delivery 
outlet channel portion when there is a match between the valve identity data and the associated 
article data. 



57. A system as defined in claim 56 wherein the comparison means is operable to close the 



valve 
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means to block access to the delivexy outlet portion when there is a mismatch between the valve and 
the associated article identity data. 

A system as defined in claim 56 wherein the material dispenser includes a syringe and the power 
supply portion is integrally formed therewith. 

A system as defined in claim 44 wherein the first and second identification means includes 
complementary first and second key formations located on , in or near the valve means and the 
associated article respectively. 

A system as defined in claim 59 wherein the first key formation is located on Are material dispenser 
and the second key formation is located on the associated article so that the material dispenser and 
associated article may positioned so that the first and second key formations be brought into 
complementary engagement with one another to establish the predetermined relationship. 
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ABSTRACT 



Disclosed herein is a delivery system , comprising dispensing means having an outlet for delivering one or 
more materials or one or more articles; dispensing control means for controlling the passage of the material 
or article through the outlet; first identification means operable for recording, emitting, carrying or 
associating first identity data to identify the dispensing means, or the material or article carried thereby, 
and permission control means operable to establish a predetermined condition of the dispensing, control 
means when a corresponding predetermined relationship is established between the first identity data and 
second identity data of an associated entity. 
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ABSTRACT 

The paper reports a highly miniaturized, lo w-p o wer/1 ow~cos I 
micro flow controller capable of producing pressure -driven, pulse- 
free liquid flows in the nL'sec TO mi/sec ransc. The system 
operates in closed-loop and relics on two high speed, low power 
micro vaJvT5> and a newly developed, highly sensitive Jiquid flow 
sensor. A manually pressurized chamber is used as the pressure 
source. Toe system his been developed for providing the flows 
required in a portable flow cytometer (I] using hydrntiynamic 
focusing but it can also be used as a general-purpose flow-driving ■ 
module in a variety of rmcrojluidic applications where small size, 
low-cost and low-power are essential. Poujt-of-care medical 
microinstruments, highly parallel processing in drug discovery 
applications, mjcro dosing system for drug delivery, on-line 
process monitoring in food/chemical industry are just some areas 
mac would benefit from the described system. The flow controller 
is also ideally suited for operation in corrosive and biological 
fluids. 

INTRODUCTION 

Existing precision fluid ' delivery systems we bulky, 
expensive, and typically employ high-power syringe pumps (one 
order of magnitude larger power) [2], Such system* ore not 
suitable for use in low-cost portable instruments. The existing 
elecirotysmosis/cScctrophcTcsU-based pumping systems require 
high voltages, Tend to be invasive and arc typically useful only for 
very low flow rates. The peristaltic (mermal/elecfrostatic) pumps 
generate pulses and do not result in precise flow rate control. A 
receniry published pressure-based mass flow controller [3] is about - 
the same size (per cbaooej) as our controller bur the lowest flow it 
can control i? two orders of magnitude higher and it consumes five 
times more power than our controller. There is therefore a need for 
.a miniaturized, pulse-free, and low-power pumping system for 
controlling flow rates in the ut-'s and aL/s regimes. The new flow, 
controller that is reported in this paper addresses this need 

DESCRIPTION 

The micro flow controller employs two key MEMS-hased* 
Technologies that have been developed aT Honeywell (Figure 1):* 
electrostatically-actuated silicon roierovalves [4J, aud glass-based 
thermal microbrick™ flow sensors [ 



Figure 2 shows a schematic structure of the proposed micro 
flow controller. The key elcmcnts/feanires of each channel of the 
controller arc: 

an unregulated primary high pressure source (p a = QJ. psi 
• gage; P^ » LO psi gage; Vo\ m „ - 2 cm 3 « 4x6x0.08 cm*) 

which, for portable applications can be manually prcssuriTxd. 
*' A low power mesopurnp can be used to generate desired 
. pressure in other cases [6]\ 

* a regujatsd secondary pressure source (0. 1-1 psi gage), with 
the pressure drawn from the primary pressure source and 

. controlled through two low-power (< 1 mW) & Cast (— I 
ms)/high impedance microvalves; ■ 

* a short response time 1 ms) flow sensor capable of. 
measuring liquid flows in the nL/scc - rut/sec range; 

• . a closed loop circuit including tha flow sensor and the valves 
that maintains a constant flow in each channel; 
. • a pneumatic- u>hydrnuUc interface realized with a porous 

* a very good seal between the flow controller and the fhiidic 
channel; 

the overall response time for the flow controller is about 10 
milliseconds. 

SIMULATION 
A SPICE system model has been developed to predict the 
operation of the flow controller and to study the effect of 

' compliance in a miniaturized pneumatically driven pumping 
system. For. the chosen microcytomeber cartridge design; the mode) 
showed ihai the effect of vibrations on core formation and flow 
stability were either minimal or nonpatent This SPICE 
modeling result was confirmed by experimental work done wjth 

■ the flow controller. Detailed results of the simulation work will be 
reported at the conference. 

EXPERIMENTAL RESULTS 
The flow controller ha? been extensively characterized for 
different types, of microvalves and different operation regimes. 
Flow rote pulsatility of less man 3% (Figure 3) has been 
demonstrated for the microcytdrnetcr appJicoiion. 






F^tire /. SEM photographs of the 6 x 6 x <U mm? silicon BSBI — £TS ) 

wtrcrovo/tie and 1.7 x L7 x 0.5 mat 1 microbrick*** liquid flow . * Schematic diagram of a 2-dtannel micro flow 

sensor chips. cojttrolicr based on MSMS-baseJ microvalves tutdjlow sensors. 
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Figure 3. Experimental result* showing excellent flow rare 
control (J.f to 5>$ % pcab-to-peuk rate variation) obtained by 
pneumatically driving the liquid from a manually pressurized 
source, through closed-loop control. Each closed-loop channel 
. comprises of two silicon micromachined muzrovatves and a 
microbrick w liquid flo w sensor* 

This measured pulwmljry is more than one order of 
magnitude better than what can be obtained using commercially 
available precision syringe pumps. A figure of merit* defined as: 
size ?c cost x pulsatility for the proposed flow comroUcx would be 
more than two orders of magnitude' better tharj that for currently 
available, state-of-ihe-art open-loop fluid pumping systems. 

Figjre 4 shows a cross-sectional view through, the five 
modules of the flo* controller, pressure source module, 
nucrovalve module, reagent reservoir module, interface module, 
• and flow sensor module. 
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Figure 4. Cross-seciionat view of the micro flow controller 
showing the various modules. The modules interface wish each 
irUt custom-built polymer seals. . 

Figure 5 shows a photograph of the flow controller. This 
system was used to generate a 15 iutj wide core flow iq the flow 
channel of the Honeywell inicrocytometcr. Figure 6 shows the 
core widths that were generated for various shcath-to-core flow 
rate ratios* Stable, and rcpeatablc core formation was demonstrated 
with the flow controller. 
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Figure 5. Photograph of the integrated version of the 3-ehannel 
micro flow controller showing £ts various components. Vie 
integrated flow controller is <f*x3 n x 1" in size. 




Sheath flow rate = core flow rate * multiplying factor 

Figure 6. Optical images talen in the In/dtoaynamlc focusing 
chamber of the flow cy to meter shoeing the core flow (dark color) 
witltln the external sheailt flow (colorless) for various sheatli to • 
core flow rate ratios. Hie flow controller produces a stable, 
pulse-free core flow for a range of sheath to care flaw ratios. 

This work, done in collaboration with Microuics Inc., was 
supported by BARPA Contract MD*972-00-C-0023. Micronics 
designeoVfabricated the raicjofluidic cartridges. We are grateful Tor 
the assistance of Curtiss Helia and the entire Micronics team. 
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